The carbon nanotube (CNT) and graphene dispersions were prepared based on the methods developed by Coleman and co-workers 1,2 . For CNT dispersions 1 , single-walled carbon nanotubes (SWCNTs, purified HiPCO) were purchased from NanoIntegris and were used as received. Nanotube dispersions were prepared in n-cyclohexyl-2-pyrrolidone (CHP, Sigma Aldrich) at an initial concentration of 0.5 mg/mL. The dispersions were then sonicated with a sonic tip (VibraCellCVX, 750 W, power setting 20%, 20 kHz) for 30 min, followed by centrifugation at 5000 rpm for 90 min. The top (2/3 of the total volume) dispersions were collected as the stock dispersions. UV-Vis-NIR absorption spectroscopy (Cary 6000i) was employed to determine the concentration of 100× diluted dispersions. Such diluted dispersions were calculated (from Figure S1 ) with concentration of 0.0036 mg/mL, based on the Beer-Lambert law (A = αCl, α is the absorption coefficient, α = 3264 mL.mg -1 .m -1 at 660 nm 1 , l is the cell length, l = 10 mm). Therefore the stock CNT dispersions were with concentration of 0.36 mg/mL. For graphene dispersions 2 , graphite flakes were purchased from Sigma Aldrich and used as received.
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The dispersed CNTs and graphene were characterized by transmission electron microscopy (TEM, JEOL 2100) at an acceleration voltage of 200 kV, as shown in Figure 3a and 3b. Figure S1 . Absorption spectra of the 100× diluted CNT dispersion and the 50× diluted graphene dispersion respectively. Figure S2 . Schematic illustration towards the general method for fabrication of hybrid (ultra)thin films supported on PAA membranes. Figure S3 . Effect of the metallic (i.e., Au) coating on the SEM images of the complex thin film incorporating graphene and dye molecule aggregates (the same sample as in Figure 2i ). a) With Au coating; b) Without Au coating. 
